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Thermal degradation of levoglucosan (1,6-anhydro-β-D-glucopyranose) was 
substantially suppressed in the presence of some aromatic compounds under the 
conditions of N2/ 240-340 oC/ 15 min. This stabilization effect is also discussed with 














Levoglucosan (1,6-anhydo-β-D-glucopyranose) (1) is an important primary 
pyrolysis product of various glucose-based carbohydrates such as cellulose and starch 
and known to be degraded further through various secondary pyrolysis reactions 
including thermal ring-opening polymerization.1-5  In our previous papers, this 
polymerization reaction is proposed as a key reaction which determines the product 
composition of cellulose pyrolysis [i.e. low molecular weight (MW) products vs. 
carbonized product].6,7  We also found that thermal polymerization of levoglucosan 
was inhibited substantially during co-pyrolysis of cellulose with lignin sample (J. Anal. 
Appl. Pyrolysis, submitted).  This paper describes the effects of various aromatic 
compounds including model compounds 2-4 (Fig. 1) of lignin pyrolysate on thermal 
stabilization of levoglucosan.  Furthermore, stabilization mechanism is also discussed 
with CH/π interaction. 
Pure levoglucosan was converted into the products observed in the higher MW 
region in the GPC chromatogram (Fig. 2), and levoglucosan recovery was only 3.6 % of 
the initial amount.  Pictet 1 reported that levoglucosan polymerizes into dextran by 
heating at 240 oC for 15-30 min.  Thus, these high MW products are considered to be 
the polymerized products through ring-opening of the bicyclic structure. 
Addition of veratrole (4) to this system substantially reduced the polymerized 
product formation as shown in Fig. 2.  High MW products decreased with an increase 
in the amount of 4 and almost completely disappeared at 2.0 mol equiv.  Figure 3 
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summarizes the levoglucosan recovery against the amount of guaiacol (2), 
4-methylguaiacol (3) or veratrole (4).  Levoglucosan recovery increased with 
increasing amount of aromatic compound and became almost quantitative at 1.0-2.0 mol 
equiv regardless of the chemical structures of aromatic compounds 2-4.  These results 
indicate that neither phenolic OH nor benzyl group have direct actions to levoglucosan 
related to the thermal stabilization.  As shown in Fig. 4, levoglucosan was recovered 
almost quantitatively up to 340 oC under the experimental conditions of levoglucosan 
(10 mg)/ veratrole (100 µL)/ N2/ 15 min.  It is also noted that these levoglucosan/ 
aromatic compound mixtures became homogeneous during heat treatment.  
Interestingly, no other thermal decomposition reactions including formation of furfurals 
and dark colored substances were observed under these stabilizing conditions even at a 
high temperature of 340 oC.  These results suggest an interesting hypothesis that most 
of the thermal decomposition reactions are closely related to the ring-opening reaction 
of levoglucosan. 
Diluting effect by aromatic compound, which reduces the accessibility of 
levoglucosan, is considered to be a reason for this stabilization.  However, Kawamoto 
et al.6 reported that levoglucosan solution in sulfolane (tetramethylene sulfone) was 
degraded into other low MW products such as levoglucosenone and furfurals at 200-330 
oC.  From these results, some factors other than diluting effect are indicated as a reason 
for this stabilization. 
In the 1H NMR analysis of levoglucosan/ guaiacol mixture in D2O, the signals of 
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H-4, H-5 and H-6 of levoglucosan were shifted toward higher magnetic fields with 
addition of an increasing amount of guaiacol (Fig. 5) (assignment of each signal was 
conducted according to the report of Heyns and Weyer 8).  Similar shift was also 
observed for H-1 and H-2 of levoglucosan, although their extents are smaller than those 
of H-4, H-5 and H-6.  On the other hand, effect of guaiacol addition on the chemical 
shift of H-3 was comparatively very small.  The signals assigned to H-3 and H-4, 
which were overlapped in the spectrum of pure levoglucosan, were separated in the 
spectra of levoglucosan/ guaiacol mixture due to higher magnetic field shifting of one 
signal.  These signals were assigned with the 1H-1H COSY spectrum (Fig. 6).   
Interaction between C-H and π electron system (CH/π interaction)9-27 is known to 
play important roles in conformation of some aromatic compounds,11-14 tertiary 
structure of protein15,16 and molecular recognition.10,17-23  As for sugar-aromatic 
interaction, Fernández-Alonso24 reported the association of the α face of methyl 
β-D-galactopyranoside with benzene or phenol through CH/π interaction from the 1H 
NMR higher magnetic field shift observed for H-1, H-3, H-4 and H-5 of  methyl 
β-D-galactopyranoside.  Generally, C-H involved in the CH/π interaction is known to 
be observed in higher magnetic field in 1H NMR analysis,20-26 and the extent is 
positively related to the strength of the CH/π  interaction.25,26     Therefore,   the   
results of 1H NMR analysis in Fig. 5 indicate the CH/π interaction of aromatic π 
electron with the H-4, H-5, H-6 face and the H-1, H-2 face of levoglucosan as illustrated 
in Fig. 7.  Stronger interaction of the H-4, H-5, H-6 face than the H-1, H-2 face is also 
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indicated from the extent of the shifting.  Although the data in Fig. 5 are obtained in 
D2O, similar complexation between levoglucosan and aromatic compound is also 
considered in the neat system without D2O. 
Restricted thermal motion of levoglucosan in the complex is considered to be a 
reason for the stabilization effect since thermal motion is a driving force of 
levoglucosan thermal decomposition. Especially, ring-opening polymerization of 
levoglucosan into polysaccharide requires conformational change from 1C4 to 4C1 
(Scheme 1).  This conformational change is expected to be inhibited effectively in the 
levoglucosan-aromatic compound complex. 
  Table 1 summarizes the stabilization ability of various aromatic compounds as 
levoglucosan recovery under the experimental conditions of levoglucosan (10 mg)/ 
aromatic compound (100 µL)/ N2/ 240 oC/ 15 min.  Both stabilizing ability and 
levoglucosan solubility in aromatic compound are quite different depending on the 
chemical structure of aromatic compound, and have a tendency to be positively related 
to the π electron density.  These results also support the hypothesis of the stabilizing 
mechanism through CH/π interaction, which is known to be enhanced with higher π 
electron density.9,10,25-27  Low stabilization abilities of benzene, chlorobenzene and 
dichlorobenzene are conceivable with their low π electron densities not enough to form 
the stable levoglucosan-aromatic compound complexes. 
The present results disclose the complexation of anhydrosugar having 1C4 
conformation with the π electron of benzene-ring, and this information is expected to 
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promote the anhydrosugar chemistry related to the interaction with other substances.  
Furthermore, the present finding of the reduced thermal reactivity of 
levoglucosan-aromatic complex will give useful information to control the product 





Levoglucosan was purchased from Tokyo Kasei co. and the other chemicals were 
purchased from Nacalai Tesque co. as guaranteed grades. 
 
1.2 Heat treatment and characterization of the products 
 
Levoglucosan (10 mg) was heated in a closed Pyrex glass ampoule (internal 
diameter: 2.0 mm, length: 30 mm, thickness; 1.0 mm) under the conditions of N2/ 240 
oC/ 15min with or without aromatic compound (0.2-2.0 mol equiv to levoglucosan).  
After immediate cooling with cold water to quench the reaction, the ampoule was 
opened and extracted with distilled water (1.0 mL).  The water-soluble portion was 
characterized with gel permeation chromatography (GPC) using Shimadz LC-10A 
under the chromatographic conditions: column: Shodex Asahipak GS-320 HQ + 
Asahipak GS-220 HQ, flow rate: 0.6 mL min-1, eluent: water, detector: RI, temperature: 
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30 oC.  Levoglucosan recovery was also determined with gas chromatographic analysis 
(detector: flame ionization) of the water-soluble portion with myo-inositol as an internal 
standard after evaporating water in vacuo followed by trimethylsilylation with N,O-bis 
(trimethylsilyl) trifluoroacetamide: trimethylchlorosilane: pyridine (2:1:7, v/v/v) using 
Shimadz GC-18B under the chromatographic conditions: column: Shimadz CBP-5 (25 
m×0.25 mmΦ), injector temperature: 250 oC, column temperature: 180 oC (1.0 min), 
180→260 oC (1.0→9.0 min), 260 oC (9.0→19.0 min), carrier gas: helium, flow rate: 1.5 
mL min-1.  
 
1.3 1H NMR analysis 
 
Levoglucosan (1.6 mg, 10 µmol) was dissolved in D2O (1.0 mL) including 1.2- 
18.6 mg (10-150 µmol) of guaiacol.  After ultrasonic wave treatment for 10 min, the 
solution was used as 1H NMR sample.  1H NMR analysis was conducted with a Bruker 
AC-400 (400 MHz) spectrometer: levoglucosan: δ 5.25 (s, 1H, H-1), 4.43 (m, 1H, H-5), 
3.89 (dd, 1H, J 1.0, 7.7 Hz, H-6a), 3.56 (dd, 1H, J 5.8, 7.7 Hz, H-6b), 3.48 (m, 2H, H-3 
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Legend of figures and scheme 
 
Figure 1. Chemical structures of levoglucosan (1), guaiacol (2), 4-methylguaiacol (3), 
veratrole (4). 
 
Figure 2. GPC chromatograms after heat treatment of levoglucosan/ veratrole (4) under 
the conditions of N2/ 240 oC/ 15 min. (*) retention time of levoglucosan. detector: RI. 
 
Figure 3. Levoglucosan recovery in aromatic compounds 2-4 after heat treatment under 
the conditions of N2/ 240 oC/ 15 min. () guaiacol (2), (▲) 4-methyl-guaiacol (3), (■) 
veratrole (4). 
 
Figure 4.  Effects of temperature on levoglucosan recovery in veratrole (4) after heat 
treatment in N2 for 15 min. 
 
Figure 5. Effects of guaiacol (2) addition on the chemical shift of levoglucosan-protons 
in 1H NMR analysis in D2O. () H-1, (▲) H-2, (■) H-3, () H-4, () H-5, () H-6a, 
() H-6b. 
 
Figure 6.  1H-1H COSY spectrum (400 MHz) of a levoglucosan/ guaiacol (15 mol 
equiv) mixture in D2O.  (×) derived from impurity in guaiacol. 
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Figure 7. Levoglucosan-aromatic-ring complexation indicated from the ∆ δ in 1H 
NMR analysis of levoglucosan-guaiacol mixture in D2O. 
 




































































































































































Table 1. Solubility of levoglucosan in various
aromatic compounds and levoglucosan
recovery after the heat treatment under the
conditions of levoglucosan (10.0mg)/
aromatic compound (100 ml)/ N2/ 240oC/ 15
min. .
aLevoglucosan was completely dissolved.
bLevoglucosan was partially dissolved and
gave small amount of yellow-colored residue
afetr heat treatment. cLevoglucosan was
partially dissolved and gave substantial amount
of dark-colored residue afetr heat treatment.
dLevoglucosan was not dissolved and gave
dark-colored residue after heat treatment. .
OCH3
OCH3
OH
OCH3
OH
OCH3H3C
OH
OCH3
CH3
Cl
Cl
Cl
Table 1
